INTRODUCTION
115 reliability of each method. Similar studies in the past have used empirical and simulated datasets [15-116 18] , however, these studies did not have further validation results. 117 118 119 METHODS 120 RNA-Seq Data 121 This data set represents high throughput sequencing of seven cDNA libraries generated from whole 122 lung tissue RNA recovered from mice treated under hyperoxic conditions in the newborn period (n=3) 123 or age-matched controls (n=4). Mice were exposed to 100% oxygen, 40-70% humidity between birth 124 and postnatal day 10 as shown previously [19] . Mice were housed in sterile microisolator cages in a 125 specified pathogen-free environment and exposed to super-physiological levels of oxygen according to 126 a protocol (Protocol No. 2007-121R) approved by the University Committee on Animal Resources at 127 the University of Rochester. The University Committee on Animal Resources (UCAR) at the 128 University of Rochester reviewed and approved these studies. The data were generated on the Illumina 129 Genome Analyzer II platform at an average sequence depth of 20 million reads (65 bases in length) per 130 sample as reported previously [20] . 131 132 Short-Read Alignment 133 Sequences were mapped to the mouse genome (mm10), containing 21,718 unique genes, using 134 multiple alignment algorithms. CASAVA (v 1.7) pipeline software was implemented with the 135 manufacturer default settings, using the ELAND aligner program in Multiplexer setting, for separating 136 bar-coded reads into different bins. Tophat (v 2.0.9) was implemented using Bowtie (v 2.1.0) and 137 SAMtools (v 0.1.18) with default parameters (b2-sensitive, report-secondary-alignments, library-type 138 fr-unstranded). SHRiMP (v 2.2.3) was implemented using SAMtools (v 0.1.18) with default 139 parameters (gmapper -ls -qv-offset 33 single_en_reads-). For TopHat and SHRiMP mapping, HTSeq 140 (v 0.5.3p3) was used to generate the count matrices with the following parameters: 'htseq-count -m 141 intersection-strict -s no'. For both SHRiMP and TopHat alignments, mouse gene annotation file (GTF) 142 for mouse genome build 10 obtained from UCSC was used for alignment. Codes for mapping and 143 generating the raw counts are available in shown in Supplemental . SAM was applied using the minimum median False Discovery Rate 169 (FDR) possible, in MultiExperiment Viewer (MeV) v4.8.1 (http://www.tm4.org/mev.html). For the 170 purposes of this study, SAM threshold of median FDR of 0 was applied. Cuffdiff uses the Cufflinks 171 transcript quantification to calculate gene expression levels in different conditions, and tests them for 172 significant differences [22] . It uses FPKM (fragments per kilobase of exon per million fragments 173 mapped) normalization. Cuffdiff was applied using mouse gene annotation file (GTF) for mouse 174 genome build 10 obtained from UCSC with a significance threshold of FDR adjusted q <0.05. 175 176 Molecular Validation 177 cDNA were synthesised from RNA samples isolated from individual lungs using the iScript Reverse 178 Transcription Kit (BioRad, Hercules, CA). qPCR was performed on a Viia7 (Applied Biosystems, 179 Santa Clara, CA) using SYBR green chemistry as previously described [23] . Gene-specific assays 180 primer sequences were retrieved from the MGH Primer Bank (http://pga.mgh.harvard.edu/primerbank). 181 Gene expression levels (dCt) were calculated relative to the measured Ct value of PPIA (peptidyl 182 prolyl isomerase A or cyclophilin A) as an internal, endogenous control and were analyzed for relative 183 expression changes by the ddCt method as previously described [23] . QPCR data were assessed using 184 both the students T-test and the Mann-Whitney U test at a p<0.05. 232 total of 857 genes were common, and 386 of these had a fold-change greater than or equal to 2. Similar 233 to CASAVA mapped data, there were more genes showing significant decreases in expression in 234 response to treatment (60%) than were increased. Cuffdiff identified 3886 genes as differentially 235 expressed, and 1087 of those had a magnitude of change greater than or equal to 2. In addition to 236 selecting a greater number of genes as significantly affected, Cuffdiff identified a greater number of 237 genes showing significant increases in expression in response to treatment (57%) than were decreased. 238 239 TopHat (v 2.0.9) 240 On average, expression of 76% of the genes in the genome was detected in the lung tissue samples 241 using TopHat. After removing signal from genes not present in all samples of at least one experimental 242 group, the expression of 16,892 genes were assessed for differential expression (Table 4 ). SAM 243 identified 880 genes in the TM-normalized data and 951 genes in the RPM-normalized data. A total of 244 860 genes were common, and 396 of these had a fold-change greater than or equal to 2. Cuffdiff 245 identified 2831 genes as differentially expressed, and 1044 of those had a fold-change greater than or 246 equal to 2. Again (similar to SHRiMP mapped data) Cuffdiff identified a greater number of genes 247 showing significant increases in expression in response to treatment (57%) than were decreased. 248 249 Consistency of Gene Selection 250 We tested the consistency of individual gene selection tools. SAM identified 699 genes that were 251 selected as differentially expressed by all three mapping methods, of which 251 had a fold change 252 greater than or equal to 2 (Supplemental Figure 2) . CASAVA tended to be more conservative in the 253 number of genes identified, with a substantial majority of these genes also selected by SHRiMP and 254 TopHat. 255 256 Cuffdiff identified 2719 genes that were selected as differentially expressed using both SHRiMP and 257 TopHat, of which 919 had a fold change greater than or equal to 2 (Supplemental Figure 3) . Again, 258 there was a high degree of consistency between SHRiMP and TopHat, with nearly 90% of genes 259 identified using data mapped by both methods. 260 261 There were a total of 240 genes identified by all these analyses (Supplemental Figure 4) . SAM, 262 implemented as described, was much more highly conservative in gene selection. Most genes identified 263 by SAM were also identified by Cuffdiff, while a majority of genes identified by Cuffdiff (74%) were 264 not identified by SAM. 265 266 In order to compare gene selection estimation with other mapping algorithms (TopHat and SHRiMP), 267 we subsequently, focused on Cuffdiff as well. A total of 267 genes were identified as differentially 268 expressed by SAM on CASAVA, and by Cuffdiff on both SHRiMP and TopHat , which had a fold 269 change greater than or equal to 2 (Figure 3) . 270 271 Molecular Validation 272 Predicted changes were evaluated by qPCR for 52 of the genes (Table 5 ). Out of these 32 genes were 273 identified using CASAVA mapped data separately as reported previously [20] . We chose 10 additional 274 genes each that were uniquely selected by SHRiMP or TopHat for qPCR validation. These genes were 275 chosen based on prior knowledge of their relevance to oxidative stress response or lung biology in 276 general. Genes, that had a significant difference between the two groups (hyperoxia and controls) by 277 either t-test or Mann-Whitney U test at p-value less than 0.05, were designated as successfully 278 validated. We report detailed qPCR results for 32 genes identified using CASAVA mapped data 292 DISCUSSION 293 RNA-Seq is becoming the method of choice for genome-wide transcriptomics analysis, and has been 294 used to identify post-transcriptional changes and other modifications in human diseases such as cancer 295 [24] . Many methods for data processing and analysis are available, but the best approaches to estimate 296 differential expression for specific types of data sets are not at all clear. Here, we describe an empirical 297 assessment of the impact three different mapping algorithms upon the reliability of differential 298 expression estimation, in a typical genome-wide expression data set from an animal model of disease. 299 Our initial analysis of this data set indicated a substantial gene expression response associated with the 300 experimental challenge, such that it was appropriate for the current studies. The rationale behind 301 choosing these three included multiple factors, such as manufacturer recommendation, usage among 302 research community, cost, efficiency and ease of usage, among others. 303 304 Researchers can consider multiple mapping algorithms in their RNA-Seq analysis, which brings up 305 issues of interoperability. To achieve interoperability, input and output formats need to be 306 standardized. Currently the level of interoperability is high since most of the mapping algorithms 307 accept FASTQ format input files and generate SAM/BAM files as output. Prior publications 308 comparing various combinations of mapping algorithms and tests for differential gene expression have 309 found high level of consistency among the results [15, 16] . However, these prior studies did not include 310 subsequent attempts of molecular validation, which is a critical step in any differential expression 311 analysis. 312 313 It is important to point out that, of the three different mapping algorithms compared in this study, two 314 of them (SHRiMP and TopHat) were developed at academic institutions, and are freely available, 315 while the third (CASAVA) is commercial software that is provided by the manufacturer of the 316 sequencing instrument. We observed that SHRiMP mapping resulted in higher rates of genes detected 317 as expressed in the samples (80% for SHRiMP, 77% for CASAVA and 76% for TopHat), when 318 compared to either CASAVA or TopHat. This is likely due to the fact that SHRiMP allows reads to be 319 mapped to multiple loci, unlike TopHat and CASAVA, which require reads are mapped to a single 320 locus. Interestingly, a higher number of genes detected as expressed led to higher estimation of 321 differential expression for SHRiMP, but a somewhat lower level of accuracy as defined by qPCR. 322 323 We report here only a subset of the possible permutations of analysis that could be completed with the 324 mapping, normalization and gene selection methods we have included. In addition to comparing the 325 mappers, we also looked at the effects of methods of count generation by running correlation analysis 326 among the raw and normalized counts of the same samples, and found that even among methods using 327 different count generation approaches (CASAVA and TopHat), there was a high level of correlation 328 among the counts (Supplemental Figure 1) . This indicated to us that the counting methods, independent 329 of mapping algorithm, may not have a big impact. Our analysis also revealed that there was a high 330 level of consistency among the two normalization methods (RPM and TM) on each mapped version of 331 data, when it comes to gene selection, irrespective of the test for differential expression used. We, 332 however did notice higher number of genes being identified by Cuffdiff when using FPKM normalized 333 counts. Even though SAM appeared to be effective in the current data set, applying this analytical 334 approach to other RNA-Seq datasets identified a number of limitations. For this, and other reasons 335 (e.g., free access to software, difficulties in generating bam files from CASAVA), we decided to use 336 SAM analysis of CASAVA data as our benchmark, and focus on the efficiency of Cuffdiff selection 337 using SHRiMP and TopHat mapping. The authors declare that they have no competing interests. 367 368 AUTHOR CONTRIBUTIONS 369 CC carried out the sequence alignment, differential expression analysis, and drafted the manuscript. SB 370 carried out the differential expression analysis and drafted the manuscript. ZZ carried out qPCR 371 validation. AML, VAL participated in cDNA synthesis and qPCR. MY, BWB participated in 372 generating the animal data. MAO conceived of the study, and participated in its design. TJM conceived 373 of the study, participated in its design and coordination and helped to draft the manuscript. All authors 374 read and approved the final manuscript. 375
